As a natural extension of Fan's paper (arXiv: 0903.1769vl [quant-ph]) by employing the formula of operators' Weyl ordering expansion and the bipartite entangled state representation we find new two-fold complex integration transformation about the Wigner operator ∆ (µ, ν) (in its entangled form) in phase space quantum mechanics,
I. INTRODUCTION
Integration transformations are very useful in mathematical physics. In the preceding paper [1] we have reported a new integration transformation in q − p phase space ∞ −∞ dpdq π e 2i(p−x)(q−y) h(p, q) = f (x, y) ,
which is invertible ∞ −∞ dxdy π e −2i(p−x)(q−y) f (x, y) = h(p, q),
and proved that this transformation obeys Parseval theorem. By virtue of the formula of operators' Weyl ordering expansion [2, 3] , we find the following new two-fold q-number integration transformation about the Wigner operator ∆ (q ′ , p ′ ) [4, 5, 6] in phase space quantum mechanics [7] ,
and its inverse
where Q, P are the coordinate and momentum operators, respectively. [Q, P ] = i . These two equations can be applied to studying mutual converting formulas among Q − P ordering, P − Q ordering and Weyl ordering of operators.
In the present paper, we extend Eqs.(3) and (4) to the two-mode entangled case and construct the two-fold complex integration transformation about the Wigner operator ∆ (µ, ν) (in its entangled form, µ, ν are complex) in phase space quantum mechanics. By mentioning two-mode entangled case, we naturally think of two mutually conjugate entangled state representations |ξ and |η (see Sect. 2 below). In Sect. 3, after deriving the Weyl ordering of |η ξ| by virtue of the formula of operator's Weyl ordering expansion, we give the Weyl ordering form of
where we have simplified the notation of the product of two Delta functions
From Eq.(16) we see that once the Weyl ordering of |η ξ| is known, the Weyl ordering of
For this purpose, we recall the Weyl ordered expansion formula of two-mode operators [2, 3] 
where : :
:
: denotes the Weyl ordering, within which a i , a † i can be permuted, |β 1 , β 2 ≡ |β 1 |β 2 is a two-mode coherent state, [10] . For the operator |η ξ| , using Eq.(18) and the overlaps
and
we can derive the Weyl ordering of |η ξ| in the way
where we have used the integral formula
It then follows from Eq.(21) that
Substituting Eq.(23) into Eq.(16) we have the Weyl ordered form
Noting
we should consider another ordering other than Eq.(24), i.e.,
Similar in the way of deriving Eq.(23), we deduce
It then follows
AND THE WIGNER OPERATOR
In Ref. [11] for correlated two-body systems, we have successfully derived the Wigner operator in entangled form, expressed in the entangled state η| representation as
∆ (µ, ν) plays the role of establishing the relationship between η−ξ phase space function and its Weyl-Wigner quantum correspondence operator. Using the similar method to deriving Eq. (21), we find that the Weyl ordering of operator |ν − η ν + η| is |ν − η ν + η| = : :
Substituting (30) into Eq.(29) and performing the integration over d 2 η, the result is
which is also a neat Dirac's δ-operator function within the Weyl ordering symbol. As a result of Eqs. (24) and (31), we have
: :
where we have introduced
